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(57) Abstract 

The present invention provides a method 
and apparatus for providing improved quali^ dr' 
power control by recognizing the delays inherent 
in a closed-loop communication system. The 
mobile station (12) or receiver properly adjusts 
its forward link quality or power level diresh- 
olds or measurements with which it compares 
incoming frames or portions thereof to reflect 
the level it anticipates receiving (after the de- 
lay). For example, the mobile station (12) can 
recognize that at a given measurement time, two 
outstanding messages have not been executed by 
the transmitter (where each message indicates a 
corresponding increase of 1 dB). As a result, tlie 
mobile station (12) can adjust its measurement 
threshold down by 2 dB to more closely corrc- 
spond'to future power adjustments. If the cur- ' 
rently received frame or portion thereof is still 
below the readjusted threshold, then the mobile 
station (12) sends out a new message to request 
a further increase in the forward link channel. 
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METHOD AND APPARATUS FOR ADJUSTING THRESHOLDS 

AND MEASUREMENTS OF RECEIVED SIGNALS BY 
ANTICIPATING POWER CONTROL COMMANDS YET TO BE 

EXECUTED 

5 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

The present invention relates to communication systems. More 
particularly, the present invention relates to a method and apparatus for 
10 providing power control in a closed-loop commimication system. 

n. Description of the Related Art 

The use of code division multiple access (CDMA) modulation 
techniques is one of several techniques for facilitating communications in 
which a large number of system users exist. Otiier multiple access 

15 communication system techniques, such as time division multiple access 
(TDMA) and frequency division multiple access (FDMA) are known in the 
art However, the spread spectnmi modulation techniques of CDMA have 
significant advantages over other modulation techniques for multiple access 
commimication systems. The use of CDMA techniques in a multiple access 

20 communication system is disclosed in U.S. Patent No. 4,901307, entitled 
"SPREAD SPECTRUM ,MULTIPLE . ACCESS COMMUNICATION SYSTEM 
USING SATELLITE OR TERRESTRIAL^ REPEATERS," assigned to the 
assignee of the present invention, and is incorporated by reference herein. 
The use of CDMA techniques in a multiple access coinmunication system is 

25 further disclosed in U.S. Patent No. 5,103,459, entitled "SYSTEM AND 
METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA 
CELLULAR TELEPHONE SYSTEM," also assigned to ihe assignee of the 
present invention, and is incorporated by reference herein. 

CDMA by its inherent nature of being a wideband signal offers a form 

30 of frequency diversity by spreading'the signal energy over a wide bandwidth:- 
Therefore, frequency selective fading affects only a small part of the CDMA 
signal bandwidth. Space or path diversity is obtained by providing multiple 
signal paths through simultaneous links from a mobile user or mobile 
station through two or more cell-sites. Furthermore, path diversity may be 

35 obtained by exploiting the multipath environment through spread spectrum 
processing by allowing a signal arriving with different propagation delays to 
be received and processed separately. Examples of path diversity are 
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illustrated in U.S. Patent No. 5,101^01 entitled "METHOD AND SYiSTEM 
FOR PROVIDING A SOFT HANDOFF IN COMMUNICATIONS IN A 
CDMA CELLULAR TELEPHONE SYSTEM," and U.S. Patent No. 5,109,390 
entitled "DIVERSITY RECEIVER IN A CDMA CELLULAR TELEPHONE 
5 SYSTEM," both assigned to the assignee of the present invention and 
incorporated by reference herein. 

If the transmission power of signals transmitted by the base station to 
a mobile station is too high, it can create problems such as interfering with 
other mobile stations. Alternatively, if the transmission power of signals 

10 transmitted by the base station is too low, then the mobile station can 
receive multiple erroneous frames. Terrestrial channel fading and other 
known factors can affect the received power of signals transmitted by the 
base station. As a result, each base station must rapidly and accurately adjust 
the transmission power of the signals which it transmits to the mobile 

15 stations. 

In a useful method for controlling the transmission power of signals 
transmitted by a base station, the mobile station transmits a signal or 
message to the base station when the power of a received frame of data 
deviates from a threshold or is received in error. In response to this 

20 message, the base station increases its transmission power of signals 
transmitted by the base station. A method and apparatus for controlling 
transmission power is disclosed in U.S. Patent No. 5,056,109, entitled 
"METHOD AND APPARATp.,..FpR^^^ TRANSMISSION 
POWER IN A CDMA CELLULAR^ TELEPHONE SYSTEM," assigned to the 

25 assignee of the present invention and incorporated by reference herein. 

A delay necessarily exists under the above closed loop 
communication system. The delay includes the time when the base station 
transmits the frame with inadequate power, when the mobile station 
receives the erroneous frame, when the mobile station detects the error (e.g., 

30 signal falls below the threshold or a frame erasure is declared), when the 
mobile station transmits an appropriate error message to the base station, 
and when the base station receives the error message and appropriatel)^ 
adjusts its transmission power. The communication system, typically, 
transmits packets of data as discrete frames. As a result, the 

35 communications system cannot rapidly compensate for transmission power 
fluctuations. Additionally, the mobile station could request too great of an 
increase in the forward link transmission power before recognizing such an 
increase due to the inherent delay described above. 



WEST 



wo 98/23044 



PCT/US97/20751 



SUMMARY OF THE INVENTION 

The present invention solves problems of prior communication 
systems, and provides additional benefits, by allowing a mobile station or 
5 base station to anticipate the delays inherent in closed-loop communication 
systems. As noted above, mobile stations typically send quality or error 
messages over the reverse link channel to the base station, where the 
messages indicate the quality or power level of each frame or portions of the 
frame received in the forward link channel. If the mobile station detects a 

10 change in quality or power on the forward channel, the mobile station 
provides a message to the base station to request that the forward channel be 
appropriately increased or decreased. 

In the present invention, the mobile station or receiver properly 
adjusts its forward link power level thresholds or measurements with 

15 which it compares incoming frames or portions of frames to reflect the 
quality or power level it anticipates receiving (after the aforementioned 
delay) in response to previously sent power adjustment commands. For 
example, the mobile station can recogriize that at a given measurement 
time, two outstanding messages have not been executed by the remote 

20 transmitter (where each message indicates a corresponding increase of 1 dB). 
As a result, the mobile station can adjust its measurement threshold down 
by 2 dB to more closely correspond to future power adjustments. If the 
currently received frame or portion thereof is still below the readjusted 
threshold, then the mobile station sends ouf a 'new to request a 

25 further increase in the power of the forward link channel. Conversely, if the 
received frame, or portion of the frame is greater than the adjusted quality 
threshold, the mobile station does not request a further increase in power. 
The base station, similarly sends messages over the forward link to the 
mobile station which indicate the quality or power level of the reverse link. 

30 As a result, the present invention can similarly be employed by the base 
station to properly adjust its reverse link quality level thresholds with 
which it . compares incjpming .reverse^ lijik . sigr^ls to reflectaniticpated 
adjustments in the transmission power at the mobile station. 

In a broad sense, the present invention embodies a communication 

35 system having a base station and at least one user station. A system user of 
the user station transmits to and receives from the base station 
communication signals. A method for controlling transmission signal 
power of transmitted communication signals for the base station includes 
the steps of: (a) transmitting a current communication signal; (b) receiving 
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the current communication signal; (c) determining a quality level of the 
current communication signal; (d) adjusting a quality level threshold based 
on at least one prior power control message; (e) comparing the adjusted 
quality level threshold to the quality level of the current communication 
5 signal; (f) transmitting a current power control message based on the 
comparison; and (g) transmitting a new commuiucation signal at an 
adjusted power level based on the current power control message. 

The present invention also embodies a communication system 
having a base station and a user station. The base station transmits signals 

10 to and receives signals from the user station. The user station includes a 
receiver, a measurement circuit, a processor and a transmitter. The receiver 
receives a current received signal from the base station. The measurement 
circuit is configured to determine a level of. the current signal. The 
processor is configured to adjust a measurement value based on at least one 

15 prior control message and compare the adjusted measurement value to the 
level of the current signal. The transmitter transmits a current control 
message to the base station to request that the base station transmit a new 
signal at an adjusted level based on the current control message. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will become 
more apparent from studying the detailed description together with the 
following figures. In the -figures, like reference characters identify similar 
25 elements. 

FIG. 1 illustrates a general closed loop power control system of the 
present invention. 

FIG. 2 is a block diagram of the closed loop power control system of 

HG. L 

30 FIGS. 3A-3D are timing diagrams showing delays inherent in the 

closed loop power control system of FIG. 1 when a mobile station recognizes 
a decrease in power in a forward link transmission signal from a base 
* " station, arid shows how the 'present invention compensates for such delays. 

FIG. 4 is an exemplary flow diagram of a method for determining 
35 power control messages to appropriately adjust the transmission power of 
forward link transmissions from the base station under the present 
invention. 
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FIG. 5 is a timing diagram showing delays inherent in the closed-loop 
power control system of -FIG. 1 under an alternative embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

A communication system, and in partioxlar, a power control 
apparatus and method for the system, is described in detail herein. In the 
following description, nvimerous specific details are set forth, such as specific 

10 number of bits, power levels of signals, etc., in order to provide a thorough 
understanding of the present invention. One skilled in the relevant art>* 
however, will readily recognize that the present invention can be practiced 
without these specific details, or with other numbers of bits, levels of signals, 
etc. In other instances, well-known structures are not shown in detail in 

15 order to avoid obscuring the present invention. 

FIG. 1 illustrates exemplary cellular subscriber communication system 
10 in which the present invention may be implemented. The system of 
FIG. 1 preferably utilizes spread spectrum modulation techniques such as 
CDMA for communicating between users of mobile stations {e.g., mobile 

20 telephones) and cell-sites or base stations. In FIG. 1, mobile station 12 
communicates with base station controller 14 by means of one or more base 
stations 16a, 16b, etc. Base station controller 14 is coupled to and typically 
includes interface and processing circuitry for providing system control to 
base stations 16a and 16b>; Base station controller 14 can also be coupled to s;^^^ ^^M'-^^au^^^^ 

25 and communicate with other base stations, and possibly even other base 
station controllers. 

When system 10 is configured to process telephone calls, base station 
controller 14 routes telephone calls from a public switched telephone 
network (PSThJ) to base station 16a or 16b for transmission to the 

30 appropriate mobile station 12. Also, base station controller 14 fimctions to 
route calls from mobile station 12 via at least one base station 16a or 16b to 
the PSTN. Base station controller 14 can also connect calls between mobile 
" stations 12 and other rSoBile stations (not shown). " "' ^ ' ' " ' ^ 

Base station controller 14 can be coupled to base stations 16a and 16b 

35 by various means such as dedicated telephone lines, optical fiber links or 
microwave commimication links. Double-arrowed lines shown in FIG. 1 
define the possible communication links between mobile station 12 and base 
stations 16a and 16b, and between the base stations and base station 
controller 14. 
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FIG. 2 illustrates the situation where mobile station 12 is in soft 
handoff between the cell covered by base station 16a and the cell covered by 
base station 16b. It will be understood that description is easily extended the 
situation where only one base station 16a or 16b is in communication with 
5 mobile station 12 and to the case where more than two base stations are in 
communication with the mobile station. 

Referring to the block diagram of commimication system 10 in FIG. 2, 
mobile station 12 includes antenna 20 that transmits signals to, and receives 
signals from, base stations 16a and 16b. Duplexer 22 provides a forward link 

10 channeil or signal from base stations 16a and 16b to mobile receiver system 24 
(mobile RCV system). Receiver system 24 down-converts, demodulates and 
decodes the received signal. Receiver system 24 then provides a 
predetermined parameter or set of parameters to quality measurement 
circuit 26. Examples of parameters might include measured signal to noise 

15 ratio (SNR), measxired received power, or decoder parameters such as 
symbol error rate, Yamamoto metric, or parity bit check indication. Channel 
quality measurement circuit 26 receives the parameters from mobile 
receiver system 24 and determines a quality measurement signal or power 
level of the received signal. Quality measurement circuit 26 can generate 

20 energy per bit (Eb) or energy per symbol (Eg) measurements from portions or 
windows of each frame. Preferably, the energy per bit or energy per symbol 
measurements are normalized {e.g., Eb/NoX or normalized and include 
. ^....^.jS^terference factors {e.g., Eb/Nt). Based on these measurements, quality 
measurement circuit 26 produces the power level signal. 

25 Power control processor 28 receives the power level signal from 

quality measurement circuit 26, compares the signal to an adjustable 
threshold and produces a power control message based on the comparison, 
as described in detail below. In sum, power control processor 28 adjusts the 
threshold based on unexecuted power control messages. Alternatively, 

30 power control processor 28 provides the adjustable threshold to quality 
measurements circuit 26. Quality measurement circuit 26 in turn compares 

^ the parameters received from mobili^ receiver 24 to the adjiisted threshold 
and produces the power level signal for power control processor 28 in 
response thereto, as described below. 

35 Power control processor 28 produces preferably several {e.g., 8 or 16) 

power control messages in response to several power level signals per 
frame, where each power control message can indicate a change in power for 
the forward link signal. For example, the power control message could be a 
binary value, where a value requests base station 16a or 16b to increase 
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the gain of the forward link signal, while a "0" value requests that the signal 
be decreased. 

Mobile transmission system 29 (Mobile Transmit System) encodes, 
modulates, amplifies and up converts the power control message, via 
5 duplexer 22 and antenna 20. In the exemplary embodiment, mobile 
transmission system 29 provides the power control message in a 
predetermined location of an outgoing reverse link frame. Mobile 
transmission system 29 also receives reverse link traffic data which can 
correspond to voice data from the user of mobile station 12. In the 

10 exemplary embodiment, the power control messages are pimctured into the 
reverse link traffic data. 

Each base station 16a and 16b includes receiving antenna 30 that 
receives the reverse link frames from mobile station 12. Receiver systems 32 
of base stations 16a and 16b down convert, amplify, demodulate and decode 

15 the reverse link traffic. In addition, receiver system 32 separates the power 
control messages from each reverse link traffic frame and provides the 
power control messages to power control processor 34. Henceforth, much of 
the description of the present invention is described with respect to only a 
single base station 16a. Unless otherwise noted herein, the description 

20 applies equally to second base station 16b. 

Power control processor 34 monitors the power control messages and 
produces a forward link transmitter power signal to forward link transmitter 
system 36. Fonyard link^^^ system ,36, in response thereto, either 

increases, maintains, or decreases the power of the forward link signal. The 

25 forward link signal is then transmitted via transmitting antenna 38. 
Forward link transmitter systdm 36 also receives forward link traffic data 
which it encodes, modulates and transmits via antenna 38. Mobile receiver 
system 24, mobile transmission system 29, receiver system 32 and 
transmitter system 36 are either a CDMA receiver or transmitter as described 

30 in the aforementioned 4,901,307 and 5,103,459 U.S. Patents, under the 
exemplary embodiment. 

' u r . ^ -Unless described otherwise below, the construction and^ operation of " 
the various blocks shown in FIG. 2 are of conventional design. As a result, 
such blocks need not be described in further detail herein, as they wiD be 

35 understood by those skilled in the relevant art. Such description is omitted 
for purposes of brevity and so as not to obscure description of the present 
invention. Any modifications necessary to the blocks of commimication 
system 10 in FIG. 2 can be readily made by one skilled in the art based on the 
detailed description provided herein. 
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Referring to FIGS. 3 A through 3D, delays typical in closed loop power 
control system 10 will be described. FIG. 3A shows multiple windows in first 
and second frames m and n, respectively, transmitted by base station 16a. As 
shown in FIG. 3A (and also in FIGS. 3B-3D), each frame is divided into an 
5 exemplary eight windows {e.g., frame m consists of windows mi through 
mg). A deviation from a desired transmission power level {e.g., 6 dB) is 
shown with respect to each window in FIG. 3A. For example, a value of 
■4 dB corresponds to a drop of 4 dB from the desired receive power level at 
mobile station 12, while a value of 0 dB corresponds to a value equal to the 
. 10 desired receive power level at mobile station 12. 

In general, the exemplary timelines of FIGS. 3A-3D and the following 
discussion refer to deviations of the power of the forward link signal from 
the desired power level or from an adjustable threshold power level Pth- 
The present invention is equally applicable to measurements of the absolute 
15 power level, rather than in changes from a certain power level, as described 
below. 

FIG. SB shows the windows of frames m and n in the forward link 
signal that are received by mobile station 12. FIG. 3B shows a number of 
tmexecuted power control messages (due to the delay) below the 

20 corresponding window. A positive number indicates a total increase value 
of between one and three unexecuted +1 dB increase power control messages 
{e.g., +3 equals a +3 dB increase from three unexecuted messages). A 
negative number indicates a tptal decrease value {e.g., (+1 -2) equals a total 
-1 dB decrease value from one +1 dB and two -2 dB decrease messages). 

25 FIG. 3C shows the windows transmitted along the reverse link signal 

by mobile station 12 to base station 16a. FIG. 3C shows above these windows 
the power control messages (P) transmitted on the reverse-link signal, 
where the subscript of the message indicates from which window in the 
forward link signal the message was generated. For example, a power 

30 control message Pmi corresponds to a window mi in the forward link signal, 
although mobile station 12 does not transmit the message P^i until two 

' windows later during a- window 1113, as discussed in detairbelow.-- *>'^ v- - -*r 

FIG. 3D shows the windows received on the reverse link signal by 
base station 16a. FIG. 3D shows the power control messages F received at 

35 base station 16a during the corresponding window, whether the message has 
a binary 1 or 0 value, and whether the message indicates an increase or 
decrease of 1 dB (+ or - 1 dB) in the forward lir\k signal 

The exemplary delays inherent in communication system 10 will first 
be discussed with respect to FIG. 3A-3D. Thereafter, operation of 
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communication system 10 will be discussed with respect to the example of 
FIG. 3A-3D. Referring first to FIG. 3A, if base station 16a transmits a first 
window mi during frame m, mobile station 12 receives the window mj a 
small one-way propagation delay later (FIG. 3B). As shown in FIG. 3B, 
5 mobile station 12 typically does not process the power level of window mi 
until one window later (i.e., during a second window m2). During the 
second window m2, mobile station 12 generates a power control message 
corresponding to the previous window (mi). During such processing, 
mobile station 12 compares the received power level of the forward link 

10 signal to the adjustable power level threshold Pth to determine how far 
from the desired power level the received power level will presumably be 
after base station 16a executes previous, unexecuted power control messages, 
as described more fully below. 

During a third window ma, mobile station 12 transmits a first power 

15 control message (Pmi) corresponding to the first window mi. As noted 
above, the power control messages P in the exemplary embodiment indicate 
in which direction the power level of the forward link signal should be 
changed. If the power control message has a value of 1 or 0, then base 
station 16a determines that the power level of the forward link signal 

20 should be increased or decreased by a predetermined value (e.g., +1 dB or - 
1 dB), respectively. As shown in FIG. 3A, the forward link signal received by 
mobile station 12 during the first window mi suffers from a -4 dB drop in 
power from the desired power level, mobile, station 12 will not recognize 
this drop in the power until the second window m^j and will not transmit 

25 the power control message Pmi = 1 requesting an increase in power until the 
third window m^- The drop in power results from a degradation of the 
propagation path as a result of shadowing or fading. 

During a fourth window m4 (FIG. 3D), base station 16a receives and 
processes the power control message P^i for the first window mi. In the 

30 exemplary embodiment where each power control message has only a single 
bit, the message P^i will have a binary value 1, and base station 16a increases 
the- forward link ^-^transmission ^signalsr- by 1 dB in - response * thereto. 
Therefore, base station 16a increases the power of a fifth window ms by 1 dB 
to provide a deviation of only -3 dB from the desired power level (FIG. 3A). 

35 In sum, commimication system 10 suffers from an exemplary three window 
delay between when a drop in the forward link signal is received by mobile 
station 12 (window mi), and when a subsequent increase in the forward link 
signal is provided by base station 16a (window ms). Mobile station 12 does 
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not recognize the increase in the forward link signal until a sixth window 

Importantly, power control processor 28 of mobile station 12, under a 
routine 100 described below, generates power control messages based on 
5 previous, unexecuted power control messages so as to avoid 
overcompensating power adjustment of the forward link signal. Therefore, 
during the third window ma (FIG. 3B), the mobile station adjusts the power 
level threshold Pm based on the unexecuted 1 dB increase provided by the 
first power control message Pmi. Since the -4 dB drop from the desired 

10 power level in the forward link signal during window m2 is still not equal to 
or greater than a -1 dB adjustment of the power level threshold P-th, mobile 
station 12 during the fourth window m4 transmits a second power control 
message Pm2 for vmidow m2 (FIG. 3C) indicating to base station 16a to 
increase the transmission power of its forward link signal (Pn^ = 1). Mobile 

15 station 12 repeats the same process for windows and m4 transmitted by 
base station 16a, processed by the mobile station during windows m4 and ms, 
and transmitted as third and fourth power control messages P^a and Pm4 = 1 
during windows ms and m^. 

In sum, mobile station 12 in the exemplary embodiment preferably 

20 continuously receives the forward link signal at the desired power level. 
Power control processor 28, therefore, adjusts the power level threshold Pth 
from the desired power level to compensate for unexecuted power control 
messages that remain unexecuted at a given time due to the exemplary three 
window delay. Therefore, if two outstanding +1 dB power control messages 

25 and one outstanding -1 dB power control message exist, resulting in a total 
+1 dB increase, mobile station 12 adjusts the power level threshold Pjh by a 
corresponding opposite amount (-1 dB). If the power of the forward link 
signal is less than the adjusted power level threshold Pjh/ then mobile 
station 12 provides a power control message requesting a +1 dB increase, 

30 while if the received power is equal to or greater than the threshold, mobile 
station 12 requests a -1 dB decrease. 

During the sixth window m'6 (FIG: 3BVmobile station 12- determines 
that three unexecuted power control messages have been sent 
(corresponding to a +3 dB increase). Therefore, mobile station 12 adjusts its 

35 power level threshold Pjh by a corresponding -3 dB, and compares the 
adjusted threshold to the power of the forward link signal received during 
window ms to determine if the received power is equal to or greater than the 
threshold. Since the received power similarly differs by -3 dB from the 
desired level, and thus is equal to the adjusted power level threshold Pth/ 
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mobile station 12 transmits during a seventh window my (FIG. 3C) a fifth 
power control message Pms of 0, requesting a decrease of 1 dB in the forward 
link signal. It should be noted that the case where the measured power level 
equals the threshold is rare given sxifficient quantization of the received 
5 quality, but is provided for illustrative purposes. When the received power 
equals the threshold, mobile station 12 could alternatively request an 
increase in the transmission power or randomly send a power control 
signal. 

Since the exemplary embodiment employs single bit power control 

10 messages, the power of the forward link signal preferably oscillates between 
approximately +1 and -1 dB with respect to the desired power level. 
Therefore, during the sixth window (FIG. 3B), when mobile station 12 
recognizes that the current -3 dB deviation in the received signal is equal to 
the adjusted power level threshold Pth of -3 dB (based on three unexecuted 

15 +1 dB power control messages), the mobile station 12 anticipates that three 
windows later the power of the received forward link signal will be at 
approximately +1 dB above the desired power level. Consequently, during 
the seventh window my (FIG. 3C), mobile station 12 provides the fifth power 
control message P^s requesting a decrease of 1 dB to base station 16a (P^s = 0). 

20 Under the present example, the seventh window my of FIG. 3A 

reflects a degradation or further decrease of the forward link signal, as 
compared to the previous window m^ (i.e., from -2 dB to -3 dB). In this 
example a 2 dB degradation in the propagation path has. occurred during the , 
time period of window m7. This degradation is a result of external factors 

25 such as shadowing of mobile station 12. The deviation of power of the 
* forward link signal during window m7, -3dB, is equal to the power 
deviation in the previous window m6 (-2 dB), modified by the cumulative 
effect of the additional loss over the radio channel (-2 dB) and the 
adjustment by the base station due to power control command Pm3 (+1 dB). 

30 During an eighth window mg (FIG. 3B), when mobile station 12 

processes the received window my, mobile station 12 recognizes only a total 
of +1 dB in unexecuted power rontrob messages, and expects the power of ' ^ 
the received forward link signal to be improved by the previous messages 
(i.e., suffer from only a -1 dB drop). Thus, mobile station 12 adjusts the 

35 power level threshold Pth by -1 dB. During the eighth window mg (FIG. 3B), 
however, mobile station 12 determines that the -3 dB deviation of the power 
level of the received forward link signal is less than the -1 dB adjusted 
power level threshold Pjh/ and thus determines that the power of the 
forward link signal should be further increased by 1 dB. Consequently, 
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during a first window ni in the second frame n (FIG. 3C), mobile station 12 
provides a seventh power control message P^? to base station 16a requesting 
that the forward link signal be increased again by 1 dB (i.e., P^? = 1). 

From the eighth window ms in the first frame m to a first window ni 
5 in the second frame n (FIG. 3A), the power of the received forward link 
signal further degrades from -2 dB to -3 dB because the fifth power control 
message Pms causes base station 16a to attenuate the forward link signal by 
1 dB, even though the signal itself suffers from no further degradation in 
the present example. (Recall, mobile station 12 anticipated a full correction 

10 of the initial -4 dB decrease in the forward link signal . during the sixth 
window m6 (FIG. 3B), and thus generated the fifth power control message 
Pm5 that requested a -1 dB decrease.) 

Thereafter, the forward link signal is incrementally increased and 
then oscillates between 0 and -1 dB during windows n2 through ny, as shown 

15 in FIG. 3A. Such an improvement in the forward link signal is due to 
:mobile station 12 adjusting the power level threshold Pjh to -3 dB during 
window n2 (FIG. 3B), and thus producing a +1 dB increase power control 
command P^ns during window n2 (FIG. 3C). The oscillation of the forward 
link signal about the desired level during windows n4 through n7 (FIG. 3 A) 

20 results from mobile station 12 adjusting the power level threshold Pth to 
-3 dB, -1 dB and +1 dB during windows n2 through ru, respectively (FIG. 3B), 
and thus producing a series of power control messages Pni, Pn2 and Pn3 
having values of 0, 1 and 0, respectively (FIG. 3D). 

Referring to the flowchart of FIG. 4, a routine 100 performed by power 

25 control processor 28 in mobile station 12 considers the several window delay 
when generating power control messages in response to received forward 
link signals. Those skilled in the relevant art can create source code based 
on the flowchart of FIG. 4 and the detailed description provided herein. 
Routine 100 is preferably stored in memory (not shown) that forms part of 

30 power control processor 28. 

In step 102, channel quality measurement circuit 26 receives the 
.'-^^ current 'window of the forward' link signal^from'ba'se station" 16a.^' Channel ' 
quality measurement circuit 26 in response thereto provides the power 
measurement signal to power control processor 28 in step 102 that indicates 

35 the power level of the current window. 

In step 104, power control processor 28 adjusts the power level 
threshold P™ based on previous, imexecuted power control messages. 
Therefore, as described above with respect to FIGS. 3A through 3D, if for 
example three +1 dB increase commands have been unexecuted, then power 
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control processor 28 in step 104 decreases the power level threshold Pth by 
-3 dB to compensate for -the three unexecuted power control messages. 
Alternatively, power control processor 28 can provide the adjusted power 
level threshold Pth or other appropriate instructions to quality 
5 measurement circuit 26. Quality measurement circuit 26, in turn, can then 
appropriately measure the received forward link signal based on the 
adjusted power level threshold Pjh and provide results of such 
measurements to power control processor 28. Power control processor 28, in 
response thereto, then generates appropriate power control messages. 

10 In step 106, power control processor 28 compares the power level for 

the current window received in step 102 to the adjusted power level 
threshold adjusted in step 104. In step 108, power control processor 28 
provides to base station 16a the appropriate power control message based on 
the comparison between the power level of the current window and the 

15 adjusted threshold. 

Various alternative embodiments of the exemplary embodiment 
described above are possible. In a first alternative embodiment, fewer power 
control messages can be sent by mobile station 12 during each frame. For 
example, rather than employing the relatively fast report rate on the reverse 

20 link of 8 or 16 bits per frame {e.g., the 8 power control messages per frame of 
FIGS. 3A-3D), only one bit per frame could be employed. Such a single bit 
could indicate a quality of the currently received frame, rather than its 
power level deviation from an desired power level, such as employing a 
single frame eraser indicator bit (EIB) message transmitted as the power 

25 control message. The EIB message implicitly indicates a power level of the 
currently received frame because if the EIB indicates that a current frame is 
erased, it is likely that the forward link signal received by mobile station 12 
has insufficient power. 

For example, quality measurement circuit 26 can determine whether 

30 an entire frame in the received forward link signal contains errors or is 
erased. In response thereto, power control processor 28 can produce an EIB 

... -^message for each frame -that indicates^ whether a current' received frame 
contains an erasure. An EIB binary value of "0" can indicate an acceptable 
received frame, while a value of "1" can indicate an erased frame. 

35 Referring to the timeline of FIG. 5, typical delays inherent under the 

first alternative embodiment will be described. If base station 16a transmits a 
current frame (frame n), mobile station 12 receives that frame a small one- 
way propagation delay later, as noted above. Because of the time necessary 
to demodulate and attempt to decode the frames, mobile station 12 does not 
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determine that the frame n is erroneous until one frame later (Jframe n+1), 
at which time it generates an EIB message or error bit = 1. One frame 
thereafter (frame n4-2), mobile station 12 transmits the error bit £„ = 1. 
EKiring the next frame (frame n+3), base station 16a processes the error bit 
5 En = 1, and increases the power of the forward link signal by 1 dB. Therefore, 
as shown in FIG. 5, if an error occurs during mobile station's 12 receipt of 
frame n, it is not until three frames later (frame n+3) that base station 16a 
increases the forward link signal gain. As a result, the subsequent frame 
(frame n+4) is transmitted by base station 16a at the increcised power level. 

10 Power control processor 28 of mobile station 12 compensates for this 

three-frame delay under routine 100. For example, if errors occurred during 
frames n+1 and n+2, the mobile station provides an EIB value of 1 during 
frame n+1, but provides a value of zero during frame n+2, anticipating that 
the 1 bits during frames n and n+1 (En and En+i = 1) will adequately increase 

15 the power of the forward link signal. 

Such an alternative embodiment of one bit per frame is acceptable, for 
small dropouts in the forward lir\k signal. However, deep fades in the 
forward link signal of 20 to 30 dB carmot be quickly and acceptably corrected 
at a rate of 1 dB per frame. 

20 Base station controller 14 under the first alternative embodiment can 

monitor and confirm the changes in power that base station 16a makes in 
response to the EIB messages. Thus, during the same frame that base station 
16a processes tiie. error bit En = 1 (frame n+3), the base station also transmits 
the error bit to base station controller 14. Base station controller 14, 

25 however, does not process the increase in gain of the forward link signal 
until one frame thereafter (frame n+4). Still one frame Ihter (frame n+5), 
base station controller 14 communicates with base station 16a and confirms 
that the increase in gain was proper or provides a proper adjustment (if 
necessary). As shown in FIG. 5, a delay of 5 frames occurs between when an 

30 error first occurs during frame n and the increase in gain of the forward link 
signal is confirmed by base station 16a during frame n+5. The adjustment to 
-if "the transmission' power in response -to any commands from basis station ' 
controller 14 will not be applied until frame n+6. The timing diagram of 
FIG. 5 illustrates the typical two-frame additional delay which would result 

35 from allowing base station controller 14 to control the transmission power 
from base stations 16a and 16b, as described more fully below. 

In a second alternative embodiment, the present invention is 
substantially similarly applied to controlling power of the reverse link. 
Therefore, power control processor 34 of base station 16a can perform 
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routine 100 and adjust a power level threshold of the reverse link. For 
example, base station 16a transmits power control messages over the 
forward link chaimel to the mobile station, where the messages indicate the 
quality of each frame or portions of the frame received in the reverse link 
5 channel. Base station 16a properly adjusts its reverse link power level 
thresholds with which it compares incoming frames, or portions thereof, to 
reflect the power level it anticipates receiving of the reverse link channel, 
after a delay substantially similar to the aforementioned delay. As a result, 
base station 16a can adjust its measurement threshold to more closely 

10 correspond to future power adjustments. Further details on such a second 
alternative embodiment are omitted for reasons of brevity, because such 
embodiment is readily understandable to those skilled in the relevant art 
based on the detailed description of the first embodiment provided above. 

In a third alternative embodiment, base station controller 14 controls 

15 the adjustment of the power level for the forward link signal of each base 
station 16a, 16b, etc. Referring back to FIG. 2, under the third alternative 
embodiment, backhaul transceiver 39 in base stations 16a and 16b, provides 
signals, including the power control messages, to selector receiver system 40 
in base station controller 14. The power control messages transmitted by 

20 mobile station 12 can represent the change or difference from the desired 
level. Selector control processor 42 receives the power control messages 
from selector receiver system 40, and under routine 100, determines 
whether to increase or attenuate the forward link signal transmitted by base 
stations 16a or 16b. Selector transmitter system 44 receives power control 

25 commands from selector control processor 42, and provides them to one or 
more of backhaul transceivers 39 in base stations 16a and/or 16b. In 
response thereto, backhaul transceiver 39 provides the power control 
commands to power control processor 34 to control the power of the forward 
link signal Selector control processor 42 must, of course, take into 

30 consideration the additional delay caused in transmitting the power control 
messages from base station 16a to base station controller 14, and a delay 
* -^catrsed by^forwarding^the^-commands from the base station controller back to- 
the base station as shown in FIG. 5. Since base station controller 14 is 
coupled to and can receive power control messages from base stations 16a, 

35 16b, etc., it can provide more accurate commands to the base stations, 
especially during soft handoff conditions. 

In a fourth alternative embodiment, power control processor 28 can 
provide more than a single bit per window or frame in each power control 
message. For example, if two bits per power control message are sent, the 
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power control message can indicate either a +1 dB increase, a +2 dB increase, 
a -1 dB decrease or a command to maintain the current power level of the 
forward link signal. While such longer power control messages under the 
fourth alternative embodiment will require increased bandwidth along the 
5 reverse link signal, such power control messages could more rapidly adjust 
and maintain the forward link signal at the desired level. 

In a fifth alternative embodiment, power control processor 28 of 
mobile station 12 can "fine time" its power control messages over a 
multiframe period. For example, power control processor 28 can monitor its 

10 performance and determine whether the power control messages it feeds 
back to base station 16a regularly and incorrectly request a +1 dB increase 
during a 10 window period. Therefore, power control, processor 28 can 
automatically request a -1 dB decrease every 10 windows to compensate for 
this error. Alternatively, the power control threshold can be adjusted by a 

15 fractional amount. For example, if power control processor 28 recognizes 
that 20% of its power control messages request an incorrect increase in the 
forward link signal, then the threshold can be adjusted downward by 20%. 

In a generalized embodiment, mobile station 12 determines a quahty 
of the received forward link signal. For example, the mobile station, may 

20 measure the symbol error rate of the received forward link signal. The 
mobile station would compare this received symbol error rate for the frame 
or portion of the frame to an adjustable threshold value. The quality 
threshold is adjusted based on. prior, imexecuted control commands which 
mobile station 12 has previously transmitted to base station 16a. The mobile 

25 station can adjust the frame error rate by means of a look up table which 
would predict the" effect on future symbol error rate measurerrtent that 
previously unexecuted commands would have. Similarly, the mobile 
station could measure the signal to noise ratio of the forward link signal. In 
a simplified embodiment, the mobile station would adjust the signal to 

30 noise ratio threshold under the assumption that the noise level remains 
constant. Thus, the generalized invention would measure a quality 
indication in' the recieived signal and compare that quality measurement to* 
an adjustable threshold ich is adjusted in accordance with an estimate of 
how that quality measurement will be effected by power control commands 

35 not yet executed by the remote station. 

Although specific embodiments of, and examples for, the present 
invention are described herein for illustrative purposes, various equivalent 
modifications can be made without departing from the spirit and scope of 
the invention, as will be recogixized by those skilled in the relevant art. For 
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example, the various embodiments described herein can be combined to 
provide further embodiments. In general, the power control routine 
described in detail above is exemplary, and those skilled in the relevant art 
can create similar routines under the teachings and concepts of the present 
5 invention. 

The teachings provided herein of the present invention can be 
applied to other communication systems, not necessarily the exemplary 
CDMA communication system described above. For example, while the 
present invention has been generally described above as being employed in 

10 the CDMA communication system 10, the present invention is equally 
applicable to other digital or analog cellular communication systems. The 
present invention can also be modified, if necessary, to employ the systems, 
circuits and concepts of the various patents described above, all of which are 
incorporated herein by reference as if set forth in their entirety. 

15 These and other changes can be made to the invention in light of the 

above detailed description. In general, in the following claims, the terms 
used should not be construed to limit the invention to the specific 
embodiments disclosed in the specification and the claims, but should be 
construed to include any communication system that operates in accordance 

20 with the claims to provide transmission power control. Accordingly, the 
invention is not limited by the disclosure, but instead its scope is to be 
determined entirely by the following claims. 

WE CLAIM: 
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CLAIMS 

1. A communication system comprising: 

2 base station means for transmitting a current commimication signal; 

at least one user station means for receiving said communication 
4 signal, for determining a power level of said communication signal, for 
adjusting a power level threshold based on at least one prior power control 
6 message, for comparing said adjusted power level threshold to said power 
level of said current commimication signal, and for transmitting a current 
8 power control message; and 

wherein said base station means includes means for transmitting a 
10 new communication signal at an adjusted power level based on said current 
power control message. 

2. The communication system of claim 1 wherein said user 
2 station means includes means for receiving one of multiple windows of said 

current communication signal, means for determining said power level of 
4 said one window of said current communication signal, and means for 

adjusting said power level threshold based on a plurality of prior power 
6 control messages for prior windows of said communications signal 

3. The communication system of claim 1 wherein said user 
2 station means includes means for transmitting said current power control 

message having one bit, and wherein said base station means includes 
4 means for transmitting said new communication signal at a new power 
level increased by a selected amount if said one bit has a first value. 

4. The communication system of claim 1 wherein said user 
2 station means includes means for analyzing a plurality of previous power 

control messages with respect to a plurality of previous, corresponding 
4 power levels, means for determining an error value based on said analyzing, 
and means for adjusting said power level threshold based on said error 
' '6 value. v, . . . 

5. In a communication system having a base station and a user 
2 station, said base station transmitting signals to and receiving signals from 

said user station, said user station comprising: 
4 a receiver that receives a current signal from said base s,tation; 

a measurement circuit coupled to receive said current signal and 
6 configured to determine a level of said current signal; 
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a processor coupled to said receiver and said measurement circuit, 
8 said processor being configured to adjust a measurement value based on at 
least one prior control message and compare said adjusted measurement 
10 value to said level of said current signal; and 

a transmitter coupled to said processor that transmits a current 
12 control message to said base station to request that said base station transmit 
a new signal at an adjusted level based on said current control message. 

6. The user station of claim 5 wherein said receiver receives one 
2 of multiple windows of said current signal, wherein said measurement 

circuit is configured to determine said power level of said one window of 
4 said current signal, and wherein said processor is configured to adjust said 

measurement value based on at least one prior control message for at least 
6 one previous window. 

7. The user station of claim 5 wherein said transmitter is 
2 configured to transmit said current control message as having one bit, and 

wherein said one bit commands said base station to transmit said new signal 
4 at a new power level increased by a selected amount if said one bit has a first 
value. 

8. The user station of claim 5 wherein said processor is configured 
2 to analyze a plurality of previous control messages with respect to a plurality 

of previous, corresponding levels of signals transmitted -by said base station, 
4 determines an error value based on said analyzing, and adjusts said 
measurement value based on said error value. 

9. In a communication system having a base station and a user 
2 station, said base station and said user station transmitting signals to each 

other, a method of controlling said transmitted signals comprising the steps 
4 of: 

determining a current level based on a first transmitted signal; 
6 adjusting a threshold' level based ori at least one prior control 

message; 

8 measuring said determined current level based on said adjusted 

threshold level; and 

10 providing a current control message based on the step of measuring, 

wherein said current control message requests a second signal to be 
12 transmitted at an adjusted level based on said current control message. 



WEST 



wo 98/23044 PCT/US97/2075 1 

20 

10. The method of claim 9 wherein the step of determining a 
2 current level determines -a current quality level of the first signal, and 

wherein the step of adjusting a threshold level adjusts a threshold quality 
4 level based on at least one prior control message. 

11. The method of claim 9 wherein the step of determining a 
2 current level determines a current power level of the first signal, and 

wherein the step of adjusting a threshold level adjusts a threshold power 
4 level based on at least one prior control message. 

12. The method of claim 9, further comprising the step of 
2 performing said steps of determining, adjusting, measuring and providing 

at said user station. 

13. The method of claim 9, further comprisirig the step of 
2 performing said steps of determining, adjusting, measuring and providing 

at said base station. 

14. The method of claim 9 wherein said communication system 
2 includes a base station controller coupled to at least said base station, and 

wherein said method further includes the step of performing said steps of 
4 determining, adjusting, measuring and providing at said base station 
controller. 

15. The method of claim 9 wherein the step of determining a 
2 current level includes receiving a power signal that includes one of multiple 

windows of* said first signal, and determining a power level of said one 
4 window of said first signal; and 

wherein the step of adjusting a level threshold includes adjusting a 
6 power level threshold based on at least one prior control message for a 

previous, corresponding window in said first signal. 

, . ^ 16. The method of claim 9, further comprising the, steps of: 

2 analyzing a plurality of previous control messages with respect to a 

plurality of previous, corresponding levels of said first signal; 
4 determining an error value based on said step of analyzing; and 

adjusting said level threshold based on said error value. 
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17. In a communication system having a base station and a user 
2 station, said base station transmitting signals to and receiving signals from 

said user station, a control apparatus comprising: 
4 a receiver circuit that receives a signal; and 

a processor coupled to said receiver circuit and configured to adjust a 
6 threshold level based on at least one prior control message, measure said 
received signal based on said adjusted threshold level, and produce a current 
8 control message based on said measurement of said received signal, and 
wherein said current control message indicates transmission of a second 
10 signal at an adjusted level based on said current control message. 

18. The control apparatus of claim 17 wherein said receiver circuit 
2 receives a quality signal, and wherein said processor adjusts a quaUty 

threshold level based on at least one prior control message, and measures 
4 said quality signal based on said adjusted quality threshold level. 

19. The control apparatus of claim 17 wherein said receiver circuit 
2 receives a power signal, and wherein said processor adjusts a power level 

based on at least one prior control message, and measures said power signal 
4 based on said adjusted power level. 

20. The control apparatus of claim 17 wherein said user station 
2 includes said receiver circuit and said processor, wherein said receiver 

circuit -includesA a measurement circuit configured to determine a^ 4evel^vofc::^rK>iv.^ 
4 said first signal and provide said level as said received signal to said 
processor. 

21. The control apparatus of claim 17 wherein said base station 
2 includes said receiver circuit, said processor and a transmitter coupled to 

said processor, wherein said received signal corresponds to a level of a first 
4 signal measured by said user station and transmitted to said base station, 

wherein said processor provides said current control message to said 
6 ^ trahsmitfer, and wherein said transmitter transmits said' second signal to ' 

said user station at said adjusted level in response to said current control 
8 message. 

22. The control apparatus of claim 17 wherein said communication 
2 system includes a base station controller coupled to at least said base station, 

wherein said base station controller includes said receiver circuit, said 
4 processor and a transmitter coupled to said processor, wherein said received 
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signal corresponds to a level of a first signal measured by said user station, 
6 wherein said processor provides said current control message to said 

transmitter, and wherein said transmitter transmits said current control 
8 message to said base station. 

23. The control apparatus of claim 17 wherein said receiver circuit 
2 receives a power signal corresponding to one of multiple windows of said 

received signal transmitted by said base station, wherein said processor is 
4 configured to determine a power level of said one window of said received 

signal, and is configured to adjust a power level threshold based on at least 
6 one prior control message for a previous window in said received signal. 

24. The control apparatus of claim 17 wherein said processor is 
2 configured to analyze a plurality of previous control messages with respect 

to a plurality of previous, corresponding levels of said received signal, 
4 determine an error value based on said analyzing of said previous control 
messages, and adjust said level threshold based on said error value. 

25. In a communication system having a first communication 
2 station and a remote station, wherein a user of said remote station transmits 

signals to and receives communication signals from said first 
4 communication station, wherein said communication system has 

communication and processing delays inherent therein, a method for 
: 6 ''controllings-transmission signal power of said communicatrori'wsigrials - ^ 

transmitted by said first communication station, the method comprising the 
8 steps of: 

at said first communication station, transmitting a current 
10 communication signal; 

at said remote station, receiving said current communication signal 
12 from said base station; 

at said remote station, determining a quality level of said current 
14 communication signal; 

at said user station, adjusting a quality level threshold based on at 
16 least one prior power control message previously transmitted by said remote 

station to said first communication station; 
18 at said remote station, comparing said adjusted quality level threshold 

to said power level of said current communication signal; 
20 at said remote station, transmitting a current power control message 

based on said step of comparing; and 
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22 at said first communication station, transmitting a new 

communication signal at- an adjusted power level based on said current 
24 power control message. 
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